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Intoduction
Fenthion is an organophosphorus insecticide commercialised since 1960, used in the control of several fruit flies. In olive trees, fenthion is employed to control olive fly (Batrocera oleae, Gmel.), a pest that widely decreases the quality and amount of oil produced (Lentza-Rizos 1999) . Olive oil is a product obtained from olives solely by mechanical or other few physical means and which the presence of pesticides such as fenthion or other lipophilic organosphosphorus can occur.
The toxicity of fenthion and other pesticides has encouraged the establishment of MRLs (maximum residual levels) to control their presence in foods. Therefore, the European Commission (EC) and the Codex Alimentarius of the Food Agriculture Organization of the United Nation (FAO) have specified the MRL of 1 mg/kg of fenthion residues in olive oils and olives (EC 2001 , FAO/WHO 1998 . Moreover, pesticide metabolites show often higher toxicity than the parent molecule as occurs with fenthion. Fenthion is rapidly oxidised to sulfoxide and sulfone in plants, both with a lethal dose (LD 50 ) of 125 mg/kg, lower than the LD 50 of the parent compound: 220 mg/kg (Cabras et al. 1993) .
Another oxidative process caused by the plant enzymes can involve the other fenthion moiety, thus leading to another three substances, fenoxon, fenoxon sulfoxide and fenoxon sulfone, with a LD 50 of 125 mg/kg, 50 mg/kg and 30 mg/kg, respectively (FAO/WHO 1998).
Several studies carried out by Lentza-Rizos and Avramides (1990) , Cabras et al. (1993) , and Molinari et al. (1994) , for chromatographic determination of fenthion and its metabolites in olive and olive oils, commonly used direct LLE as the sample preparation method. Organic solvents such as ethyl acetate, hexane saturated with acetonitrile, acetonitrile saturated with hexane, chloroform and acetone, are employed.
These methods of sample preparation have the advantage to be simple and easy to execute, but they require the use of large sample sizes and appreciable amounts of solvents. Moreover lipids are always present in the final extracts at high amounts. These lipids are generally not volatile and tend to coat the column and internal parts of the GC injector, decreasing the chromatographic performance (Fong et al. 1999) . In order to minimise these problems a number of post-extraction cleanup methodologies based on solid phase extraction (SPE), using adsorbents such as alumina (Molinari et al. 1994 , 1998 ), Extralut (Di Muccio et al. 1999 ) and Florisil (Rotunno et al. 1997 ) have been used for determination of fenthion and its oxidised metabolites in olive oils and olives. Afterwards, more sophisticated instrumentation such as supercritical fluid extraction (SFE) (Poustka et al. 2003) , pressurised liquid extraction (PLE) and gelpermeation chromatography (GPC) (Jongenotter et al. 1999) , are also being applied in samples with high fat content for multi-residue pesticides determination.
An attractive alternative introduced recently for sample preparation of complex matrixes is the so called matrix solid-phase dispersion (MSPD) (Barker 2000a; 2000b) . This technique was successfully applied for the determination of pesticides in several food samples such as honey (Fernández et al. 2002) , fruit (Torres et al. 1996) , vegetables (Kristenson et al. 2003 , Chu et al. 2005 ) and olive oil (Ferrer et al. 2005) . MSPD is a sample preparation methodology that combines aspects of several techniques for sample disruption, whilst generating a material with unique dispersed character for extraction of compounds (Barker 2000 a). MSPD also helps to prevent emulsion in liquid distribution and to reduce organic solvents disposals and analysis time.
The application of MSPD involves the mixture of the sample with a solid support, such as octadecylsilyl (C 18 ), octyl (C 8 ) or aminopropyl (NH 2 ), packing the extraction/cleanup column and eluting the target compounds with solvents. The extraction and cleanup can be completed in one step simplifying the sample preparation procedure (Barker 2000b).
In general, the analysis of organophosphorus residues is carried out by gas chromatography coupled with selective detection of analytes, such as flame photometric detector (FPD), mass spectrometry (MS), atomic emission detector (AED) and nitrogen phosphorus detector (NPD) (Poustka et al. 2003) .
The aim of this study was to develop an analytical procedure that combines MSPD and GC/NPD for the determination of the fenthion and its metabolites in olive oils and olives. The effects of several extraction parameters, such as sorbent adsorption, solvent elution and additional clean-up procedures have been tested. The MSPD was evaluated and compared with conventional LLE procedures. The method was successfully applied 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
Standards
Stock solutions of 20 mg/l of each analyte were prepared in acetonitrile and keep at -20 ºC. Working standard pesticide mixtures of 5 mg/l was prepared in acetone from the stock standard solution. Internal standard solutions of TPP (4 mg/l in acetone) and TBP (0.5 mg/l in acetone) were used in quantification and in monitorization of chromatographic conditions, respectively.
Samples
The trial was carried out in 2 pilot Cv. Cobrançosa olive groves with 2.4 ha and 1.9 ha, respectively, located in the northeast of Portugal. One olive grove had no phytossanitary Olive oils were obtained following the method described by Pereira et al. (2002) .
Briefly, olive fruits were hand-picked and processed through a mill, a thermo beater and a pulp centrifuge, after which the oil was separated from the pulp by decantation, and kept in dark glass bottles, at 4ºC, in the absence of light.
Sample extraction

MSPD extraction
Olives: 25 g of olive pulp were homogenized in Ultra-turrax (2 min at 8000 rpm). An aliquot (1 g) was placed in a mortar with 1 g NH 2 , added with 25 µl of TPP solution (4 mg/l) and gently blended for a few minutes using a pestle to obtain a dry-powder-like homogeneous mixture. Then, the mixture was introduced into a column containing 1 g of Florisil. This column was attached to a vacuum manifold (Visaprep, Supelco, PA, US) coupled with a small vacuum pump, and the flow adjusted to 3 ml/min. The elution step was carried out with 3 x 5 ml of acetonitrile. The eluent was dried with anhydrous MgSO 4 , centrifuged at 3500 g for 1 min and decanted. The extracts were evaporated until dryness, then re-dissolved in 1 ml of acetone containing TBP (0.5 mg/l).
Olive oil: 0.2 g of sample were placed in a mortar and gently blended with 1 g NH 2 and 25 µl of TPP solution (4 mg/l) using a pestle. The other steps of the method were the same described above for olives.
Liquid-liquid extraction (LLE)
LLE was based on the method of Cabras et al. (1993) with minor modifications. Briefly, in olives: 10 g of olive pulp were mixed with 10 ml of n-hexane, 25 µl of TPP solution (4 mg/kg) and 1 g of anhydrous Na 2 SO 4 . The mixture was blended for 30 min and centrifuged at 3500 g for 2 min. The decanted phase was evaporated until a final volume of about 1.5 ml. For olive oil, the same described procedure was used with 1 g of sample. But another method published by Ferrer et al. (2005) has also been adopted for olive oil samples. The procedure consists in liquid-liquid partitioning with 15 ml of ether petroleum saturated with acetonitrile followed by 35 ml acetonitrile saturated with ether petroleum of sample (5 g) with 25 µl of TPP solution (4 mg/l). Finally, an aliquot (7 ml) of the acetonitrile fraction was evaporated until about 1 ml.
Equipment and chromatographic conditions
Chromatographic analysis was performed in a ThermoFinnigan Trace GC gas chromatograph (Milan, Italy) equipped with a nitrogen phosphorus detector ( ºC/min to 280 ºC (2 min held). 1 µl of the extract was injected, and quantification was based on the internal standard method.
Results and Discussion
MSPD procedure for olive fruits
In sample preparation of olives several parameters were studied including, sample size, sorbents, sample/sorbents ratio, solvents and sample/solvents ratio. The evaluation of these parameters involved, in most of the cases, recovery determinations. With this purpose blank samples were spiked with appropriate volumes to achieve 1 mg/kg of analytes before extraction and compared with a mixture standard solution with the same concentration.
a) Sample size
The sample preparation methods described in current published papers for determination of fenthion and its metabolites often use large amounts of sample (i.e 25 to 50 g). However, the trend is clearly to reduce sample size to minimum amounts providing statistically reliable results and to scale methods accordingly (Anastassiades Therefore, particular care should be taken during extraction to recover all pesticides from the bulk of lipidic material. Table I shows the recoveries obtained using three different types and amounts of sorbents: C 18 , PSA and NH 2 . Accordingly to the literature these sorbents have been successfully used in extraction of pesticide residues in fatty matrixes (Gillespie et al. 1995 b, Ferrer et al. 2005 . To select the most appropriate sorbent for fenthion and its metabolites, the elution was performed with 15 ml of acetonitrile trough the extract/sorbent. C 18 was tested in this study with and without previous activation, being washed with methanol and water to activate. However, both experiments presented poor recoveries of all the compounds, probably due to a strong apolar interaction with the alkyl chain of the sorbent. In contrast, NH 2 and PSA interact with analytes by hydrogen bonding and dipole-dipole interactions. In this study, NH 2 was found to be the best olive pulp dispersant, as can be seen in Table I .
[Insert Table I about here] Table I also shows the results concerning the influence of the amount of NH 2 (from 0.5 g to 2 g) in recovery of fenthion and its metabolites. The best recoveries are obtained using 1 g of the solid phase .
The effect of several salts on phase separation using the so called QuEChERS (quick, easy, cheap, effective, rugged and safe) method has been studied by Anastassiades et al. Table II , the recoveries obtained without salts were slightly higher than the obtained with any salt or salt combination. In conclusion, these salts are not a good option to be used as dispersant for this kind of matrix. With polar sorbents, like NH 2 , the eluting power increase with the solvent polarity (nhexane < chloroform < toluene < ethyl acetate < acetone < acetonitrile) (Mitra 2003).
The effects of these different solvents were compared in a series of experiments to determine their ability to elute adequately fenthion and its metabolites on NH 2 . The only parameter changed was the type of solvent maintaining the volume constant (15 ml).
Results were presented in Figure 1 .
[Insert Figure 1 about here]
The best results were obtained with acetonitrile. This is in according with Kirivanta (1983) which referred that the best solvents for extraction of pesticide residues are simultaneously miscible with water and with apolar solvents. The solvents that follow this premise are acetone and acetonitrile. Compared with acetone, acetonitrile extracts less lipophilic material, e.g. waxes, fat and lipophilic pigments. Advantages and disadvantages of these and other solvents in extraction of pesticides are well explained
by Maštovská et al. (2004) . The large vaporisation expansion volume of acetonitrile that tends to limit amount that can be injected in GC injection can also lead to the deterioration of the NPD. Thus we re-dissolved the extract in acetone after elution with acetonitrile.
The dependence of recoveries upon solvent volume was also evaluated (Figure 2 ).
Starting from the initial conditions mentioned above (addition of 1 g of sample and 1g
NH 2 ) recoveries were carried out at several elution volumes, i.e. 5, 10, 15 and 20 ml.
When elution volumes of 20 ml were applied no significant increase in the peak area of the compounds was observed. Decreasing the elution volumes to 10 ml or less had an adverse effect on the recovery. Thus, 15 ml was the elution volume adopted.
[Insert Figure 2 about here] In order to eliminate some of the lipid material that co-eluted with the compounds in study, the extract were submitted to a further clean-up procedure before analysis by GC/NPD. In this study, several types of clean-up were used namely, graphitized carbon black (GCB), alumina, silica, Extralut 3 and Florisil. GCB has resulted very efficient from standpoint of visual appearance, but unfortunately it tends to remove the analytes studied. In fact, GCB strongly retains some chemicals namely planar pesticides as observed by Lehotay et al. (2005 a, b) . Silica, alumina and Extralut 3 were discarded, due to low recoveries and low clean-up efficiencies. Thus, a cartridge column of 1 g of Florisil was found to be the best system to retain interfering compounds without significant losses of the compounds in study as can seen in Figure 3 .
[Insert Figure 3 about here]
To prevent negative effects in chromatographic separation caused by the presence of water traces in the eluate, MgSO 4 was added before injection in GC/NPD.
MSPD procedure for olive oils
Fenthion and its metabolites are efficiently extracted from olive oil with the MSPD procedure developed for olive fruits. However, taking into account that to obtain one litre of olive oil, 5 kg of olives were usually required, the sample size was reduced to an aliquot of 0.2 g, which showed to be a adequate. The extraction procedures presented good linearity at least over the investigated concentration ranging from 0.03 to 1 mg/kg by MSPD and from 0.1 to 1 mg/kg in LLE.
Comparison between MSPD and LLE procedures a) Olive fruits
The detection limit was estimated on the basis of signal-to-noise (3:1). The MSPD procedure presented higher sensitivity for all the compounds than LLE with detection limits from 0.002 to 0.01 mg/kg and from 0.006 to 0.04 mg/kg for MSPD and LLE respectively (Table III) . This advantage is especially useful for the determination of sample compounds present in small amounts, such as the metabolites of fenthion. The To determine the reproducibility, the proposed extractions were applied six times on the same blank sample spiked with working standard solutions (to achieve 1 mg/kg of each analyte). As can be seen in Table III , repeatability values (measured by the relative standard deviation) ranged from 1.7 % to 15.6 % in MSPD and from 4.3 % to 15.9 % in LLE, which are considered acceptable for most validation procedures.
[Insert Table III about here]
The recoveries of the fenthion and its metabolites in olive fruits at different spiking levels (0.2, 0.3 and 0.5 mg/kg), obtained by the MSPD and LLE procedures, are summarized in Table IV . The results for the MSPD procedure were slightly higher to those of LLE procedure. The recoveries for all compounds were higher than 85% and 68% on the MSPD and LLE procedures, respectively. As can been observed in Table   IV , when the spiking level was lower than 0.3 mg/kg the recoveries for LLE were significantly worse than those of the MSPD procedure.
[Insert Table IV about here]
b) Olive oils
For olive oil, the MSPD procedure was compared with two different LLE procedures used by Ferrer et al. (2005) and Cabras et al. (1993) . The determinations were similar to the described for the olive fruits. Thus, blank samples were spiked with appropriate volumes to achieve 1 mg/kg of analytes before extraction and compared with a mixture standard solution with the same concentration. Both LLE procedures assayed, presented satisfactory recoveries (Table V) . However, they involve the consumption of large amounts of solvents and large samples size, becoming more expensive and unclean. As shown in the 
Method application
The proposed method has been applied in the analysis of olive pulp obtained a previously described in Experimental section. All samples (along the pre-harvest interval) had a common qualitative pattern, showing four identified compounds, the levels are depicted in Table VI [Insert Table VI about here]
Conclusions
MSPD is a good alternative to the LLE procedures for the analysis of fenthion and its metabolites in olive fruits and olive oils. The proposed method involves the use of NH 2 as dispersant followed by elution with acetonitrile, clean-up with Florisil and finally chromatographic analysis by GC/NPD. The results of this study show that the proposed method is simple and sensitive, requiring small volumes of solvents. Additionally, the proposed method offers good recovery and low detection limits when compared to other conventional methods. The method was applied to evaluate fenthion and its metabolite residue levels during the pre-harvest interval in olive pulp. Fenthion residual levels, in all periods, are lower than the MRL established by legislation. Fenthion sulfone, fenoxon and fenoxon sulfoxide were the only metabolites detected in the olive fruits . 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47 
